The apparatus described here is designed to automatically perform common chemical reactions on some tens to hundreds of grams of reactants. Its principal application is the necessary optimization of parameters when going from the research-laboratory scale to the pilot plant in fine organic chemistry, an operation which requires numerous repetitive assays [1 and 2].
Introduction
The apparatus described here is designed to automatically perform common chemical reactions on some tens to hundreds of grams of reactants. Its principal application is the necessary optimization of parameters when going from the research-laboratory scale to the pilot plant in fine organic chemistry, an operation which requires numerous repetitive assays [1 and 2] .
It is also useful for the preparation of a given quantity of products simply by repeating the same reaction when scaling up is too difficult, or time-consuming. Moreover, the physical presence of the chemist near the apparatus is not necessary, which is helpful when hazardous reactions have to be studied. Furthermore, the strict control of many parameters, and the possibility of sampling the reaction medium during the course of the operation, means that information about the kinetics of the reaction can be collected.
The system is fully automatic and all transfers are performed by the machine; most of them are quantified at the same time. A transfer for solid or liquid reagents involves two steps First, the product is brought into an intermediate vessel linked to a strain-gauge for weighing and then transferred to the reactor (see figure 3 -an example with powder). The driving force for transfer is obtained by vibration (powders) or pumping (liquids).
There is an additional container to allow solvents to be used for rinsing-pressure is applied to dispatch them to different parts of the apparatus.
For introducing small quantities of liquid over a long period of time, peristaltic pumps are preferred. Nonquantified introductions are also possible, and are generally used for neutralization under the control of such a parameter as pH or redox.
At the present time, the set can accommodate four solid reactants, seven liquid reagents and four solvents. All These considerations are important to all companies involved in fine organic chemistry (especially pharmaceutical firms); and several studies about automation at the laboratory scale have recently been published [3, 4 and 5 ].
An important characteristic of the authors' system is its versatility-it can carry out most of the chemical reactions currently used in organic chemistry, and its software allows user-friendly interactions between chemists and computer.
The system involves three parts" the chemical set, the computer and interfaces, and the software. figure 2 ).
The heating is electrical, by means of a resistive silver coating applied to the bottom of the reactor, and the cooling is obtained by immersion of the reactor into a cooling-bath placed on a pneumatic jack. Most of the interdictions are dependent on the apparatus itself, as is the example given above, and they are permanently present in the corresponding statement.
However, the chemist can introduce interdictions of his own for controlling the sequence of operations to any degree of complexity.
During a run, the protocol is stored on a disk and read, block-by-block, during the course of the reaction.
The protocol language, which can be understood by the machine, is practically undecipherable by the chemist. Therefore a language has been designed, which uses, as far as possible, .expressions common to chemists. The training necessary for its use is minimal; it can often be understood, without training.
The language uses two types of statements" the first type is declarations which indicate the location of reagents in the different containers (figure 6 provides some examples of the syntax of the declarations). On the left side of the sign '=', the chemist can use any word he likes. On the right-hand side there are a couple of codes separated by a semicolon, characterizing the actuators which transfer the specified product from its container to the reactor through the weighing vessel; these codes are fixed. In the protocol, when necessary, the different products participating in the reaction are named by the word that the chemist has chosen in the declaration. Furthermore, the various possibilities offered by the set of instructions allow sophisticated protocols not practicable manually to be designed, but at the present time lack of theoretical support prevents the full use of this option.
